We aimed to evaluate patency rates following forearm arterial reconstruction and suggest improvements. Thirty-two vein grafted reconstructions (using saphenous and dorsal hand veins) were evaluated for patency and development of symptoms using clinical examination, Colour-Doppler Sonography and angiography. Overall patency was 59%, with no significant difference between saphenous and dorsal hand veins. Stasis, turbulence, decrease in blood velocity, change in flow pattern, stenosis in the anastomotic area or increase in compliance was detected in 10 patent grafts, but was not associated with symptoms. Six out of 13 non-patent grafted patients had severe or troublesome symptoms associated with accompanying nerve regeneration. To improve patency, careful microsurgical techniques, 'fit vein' and valveless grafts should be used. Dorsal hand veins are most appropriate for short defects. Patency should be evaluated soon after reconstruction.
Introduction
Despite continued research into development of high patent conduits to repair defective arteries, vein grafts remain the most commonly used biological conduits in micro-and macro-vascular reconstructions. Graft patency depends on many different factors, including aetiology and severity of the injury, anatomical location and haemodynamic effects of the repair site, surgical technique, post-operative medications, post-operative infection, mechanical and biological characteristics of the graft, and patient-related factors (age, co-morbidity, dominant hand and smoking habits). This study evaluates the results of forearm arterial reconstructions with two different types of vein grafts. Local and technical factors affecting graft patency are discussed, and suggestions and alternatives to increase patency rates given.
Patients and methods

PATIENTS AND SURGERY
The study group comprised consecutive patients presenting as emergencies with soft tissue trauma and associated arterial damage to the forearm. The same operating team performed the soft-tissue and arterial reconstruction. Saphenous and dorsal hand vein grafts were used for arterial reconstruction, and all anastomoses were performed under the microscope using microsurgical techniques. All patients gave written, informed consent and the study was approved by the Dokuz Eylül University School of Medicine ethics committee.
Patients over 55 years old, and those with systemic diseases affecting the vessels, such as diabetes mellitus or peripheral vascular diseases, were excluded.
SYMPTOM EVALUATION
Vascular symptoms were evaluated and graded according to a modified McCabe and Levine scoring system. 1 -4 Patients completed a questionnaire about symptoms related to cold intolerance and function. Symptoms such as ache, pain, stiffness, numbness, tingling, colour change, nocturnal symptoms, paraesthesia and weakness were graded. Grade 1 or grade 2 was considered as severe or troublesome, whereas grades 3 -5 rated as mild to no symptoms. Neurological evaluation was performed according to the British Medical Council grading system. Patency was evaluated clinically by Allen's test 3 and palpation of pulses. This was confirmed by the same radiologist using Colour-Doppler Sonography (CDS; HDI 5000 ® ATL, Bothell, USA; linear transducer 5 -12 MHz) and digital subtraction angiography (DSA).
STATISTICAL ANALYSIS
The χ 2 test was used to compare patency rates between the different types of graft (single versus double reconstruction and saphenous versus dorsal hand vein; SPSS package for windows Version 8.0 (SPSS Inc., Chicago, USA). A P-value of ≤ 0.05 was considered statistically significant.
Results
The mean age of the 24 patients in the study was 26 years (range 14 -54 years). Thirtytwo (16 single and 8 double) forearm vein graft arterial reconstructions, using saphenous (18) and dorsal hand (14) veins, were evaluated. Mean graft length was 43.75 mm (range 30 -70 mm). After a mean follow-up of 13.2 months (range 8 -55 months), the total patency rate, by radiodiagnostic evaluation, was 59.4% (19/32). Patency rate was 56.3% (9/16) in single reconstructed arteries and 62.5% (10/16) for double reconstructions (P > 0.05, χ 2 = 0.129). Patency rate was 55.6% (10/18) for saphenous vein grafts and 64.3% (9/14) for dorsal hand vein grafts, but this difference was not significant. Six of the 13 non-patent reconstructions were symptomatically evaluated as grade 1 or grade 2 (Table 1 ). It was also noted that patients with poor nerve regeneration had more severe symptoms related to vascular patency. In 4/13 (30.8%) of the non-patent grafts, collateral circulation from the proximal to distal portion was noted angiographically.
Pathological findings were detected radiodiagnostically in 52.6% (10/19) of patent grafts. Angiographies of these cases showed stenosis in the anastomotic area, tortuosity of the long grafts and increased compliance. Stenosis, turbulence with spectral widening, decreased peak systolic velocities with prominent diastolic flow and low resistance, and change in the normal triphasic flow pattern were detected by CDS examination (Fig. 1 ). These findings however, did not relate strongly to clinical symptoms. Rupture or aneurysm formation was not seen in any of the grafts, and there was no double vein graft occlusion.
Discussion
The patency of vein grafts used in procedures such as peripheral arterial surgery, arteriovenous fistula formation, free flap reconstruction and cardiovascular surgery is impaired with time. 5 -8 Graft disease, including neointimal thickening and intimal A Bacakoglu, MH Özkan, AY Göktay et al.
Forearm arterial vein grafting 9 -11 In our study, 41% of vein grafts were occluded, which is in accordance with previous published series. 12 -16 Some studies quote higher rates, but these usually comprise patients with ischaemic type circulatory problems who have different flow dynamics. 3,17 -19 We found severe or troublesome symptoms in only six patients with occlusion. Although the exact time of graft occlusion is not known, grade 1 or grade 2 symptoms developed at an early time period in four of these patients. Distinguishing between early and late phase occlusions in forearm arterial reconstructions can be difficult, but early phase occlusions tend to be associated with more distal circulatory insufficiency symptoms, such as claudication, cold intolerance and colour change. This is probably related to lack of formation of collateral circulation and delay in change of dominancy to the uninjured artery. In addition, the degree of nerve regeneration is correlated with development of symptoms including numbness, paraesthesia and dysaesthesia. Impairment of nerve regeneration depends on good repair of the nerve, and the patency of the associated artery. 13 Low patency rates are seen in the early follow-up period, despite careful microsurgical techniques, for several reasons. The forearm is an anatomically unfavourable region for vein grafts, and it is known that patency rates differ significantly before and after the bifurcations. 14 According to the Hagen-Poiseuille law, fluid flow from proximal to distal in a conduit is directly proportional to the pressure difference between the two ends and the diameter of the conduit, and indirectly proportional to the length of the conduit and viscosity. These haemodynamic relationships are important especially for the forearm. After a single arterial injury in the forearm, prominent backflow and pressure build up occurs in the distal arterial stump due to the arci between the radial and ulnar arteries. If the pressure difference between the proximal and distal stumps is low or negative, stasis, turbulence and thrombosis are seen in the graft. 20 The properties of vein grafts are important in determining early and late phase patency rates. Veins have six times more expansibility and four times more volume storage capability than arteries, corresponding to a 24-fold increase in compliance. 21 The longer and larger the graft, the higher the compliance, and thus blood flow is reduced and the tendency for stasis is increased. Careful microsurgical techniques reduce endothelial damage and minimize neointimal thickening, but the increased compliance of the graft and arterial vasospasm results in relative stenosis at the anastomotic area. Increase in shear stress leads to decreased intimal proliferation, and the shear stress of a vessel is directly proportional to the rate of blood flow, and indirectly proportional to the diameter. With vein grafts, therefore, if the vessel diameter is large and blood flow slow, shear stress is reduced and the risk of intimal thickening A Bacakoglu, MH Özkan, AY Göktay et al.
Forearm arterial vein grafting and thrombus formation increases. 21 Valves in the grafts are an important factor in development of stasis and turbulence, and are common locations of intimal thickening. 22 As flow in the graft is both proximal and distal, valves behave like an umbrella opening, closing and reversing, and increase turbulence and reduce flow. We have described this as the 'reverse umbrella effect' (Fig. 2) .
The forearm haemodynamic characteristics and vein graft properties result in radiodiagnostic abnormalities, including changes in velocities and resistive index, turbulent flow with spectral widening, flow pattern differences and dilatation of the graft. In the present study a number of these abnormalities were noted on CDS and DSA evaluations in 10 of the patent grafts. This is important as patients with abnormal flow characteristics on CDS examination have a higher risk of occlusion, especially in the early phase. Precautions can be taken to try and overcome the factors associated with graft failure and thus increase patency rates. Backflow is difficult to overcome, but early reconstruction prevents development of high flow forces following injury to the forearm arteries. When repair is delayed, vasospasm develops and, especially in single arterial injuries, flow will shift to the intact artery leading to increased backflow in the distal stump. 12, 20 Using 'fit vein grafts', in terms of diameter and length, can prevent increased compliance, and the wash-up and dilatation procedures, to detect the axis and correct narrowing of the graft, should be done gently. Saphenous vein grafts are the largest autologous grafts and can be 2.5 -3 times the FIGURE 2: Flow in the graft comes from both proximal and distal directions, so valves behave like an umbrella opening, closing and reversing, which in turn increases turbulance and reduces flow. A, artery; G, vein graft; v, valvular structure diameter of forearm arteries, often leading to anastomotic discordancy at the ends. We found no significant difference in patency rates between saphenous and dorsal hand vein grafts, but the latter are often more appropriate for short segment grafting due to their smaller diameter and reduced valve number (Fig. 3) . Furthermore, surgery can be performed without general anaesthesia. Saphenous vein grafts are more appropriate for long segment grafting, due to multiple branching of dorsal hand veins. Valvular structures should be eliminated as much as possible in the graft field. In macrovascular surgery, valves are examined and/or ablated with angioscopy. This is, however, a traumatic procedure and not compatible with microsurgical principles. 23 An alternative in short grafts is to turn the graft inside out in order to examine the valves.
Appropriate medical therapy should be considered following surgery. In particular, leucocytosis, leading to subendothelial loss, can be reduced using antibiotics. Anticoagulant therapy should continue after primary repair, and low-dose continuous oral anti-coagulants might be appropriate for patients at high risk of graft failure, as indicated by CDS examination. We suggest that CDS be done monthly during the first 6 months, and then 3 monthly for 2 years. In addition, angiography should be performed in patients with patency and ischaemic problems, to evaluate arterial morphology and assist in planning possible new reconstruction. Ischaemic patients with occluded grafts sometimes need repeated arterial reconstruction, especially when the dominant artery does not supply sufficient flow and there is insufficient collateral formation. 
Forearm arterial vein grafting
Arterial grafts and flow-through free flaps, especially in cases of severe trauma, are safe alternatives to vein grafts in the forearm. 24 Prosthetic conduits, however, were not found to be useful. 16 It is hoped that future advances in molecular biology and tissue engineering will enable development of appropriate biological conduits.
In conclusion, forearm arterial vein grafting, using microsurgical techniques, results in similar patency rates to other macrovascular vein graft procedures. This is probably because patency is dependent on flow dynamics at the repair site, which is the same regardless of the technique used. Despite technical care to improve low patency rates, based on our own and others previous studies, we suggest that arterial reconstruction with flow-through radial forearm flaps, especially for double arterial reconstructions, is the best alternative to venous grafts.
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